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[0003] NOT APPLICABLE 

1 5 BACKGROUND OF THE INVENTION 

[0004] The present invention relates in general to telecommunication techniques. More 
particularly, the invention provides a method and system for subcarrier modulation as 
supervisory channel. Merely by way of example, the invention is described as it applies to 
optical networks, but it should be recognized that the invention has a broader range of 

20 applicability. 

[0005] Telecommunication techniques have progressed through the years. As merely an 
example, optical networks have been used for conventional telecommunications in voice and 
other applications. The optical networks can transmit multiple signals of different capacities. 
For example, the optical networks terminate signals, multiplex signals from a lower speed to 
25 a higher speed, switch signals, and transport signals in the networks according to certain 
definitions. 

[0006] To monitor these signals, the optical networks often track the flow of data through 
various nodes, switching sites and links. For example, the optical networks provide 
supervisory signals propagating with the data signals. The supervisory signals provide 



information for maintaining and monitoring the optical networks. Several conventional 
techniques have been proposed to transmit and receive such supervisory signals. 

[0007] In Dense Wavelength Division Multiplexing (DWDM) systems, the supervisory 
signals are transmitted in a separate channel at a wavelength outside of the data band. For 
5 example, the supervisory channel is either at 1510 nm or 1620 nm outside the wavelength 
band for data signal transmissions. The data band is usually in the range of 1530 nm to 1562 
nm for C-band or 1570 nm to 1610 nm for L-band. This transmission method may be a good 
solution if majority of the wavelength channels are deployed and the cost of the supervisory 
channel is shared by all data channels. But in many practical situations, especially in metro 
10 area Wavelength Division Multiplexing (WDM) applications, only a few channels are usually 
deployed. In these cases, the cost of a separate WDM supervisory channel becomes 
significant, and the solution is usually not cost effective. 

[0008] Another method of carrying supervisory signals uses the Frequency Division 
Multiplexing (FDM) mechanism. The FDM method transmits the supervisory signals by 

15 subcarrier transmissions. The supervisory signals and the data signals are usually generated 
by the same transmitters and share the same wavelengths. The subcarrier frequency of the 
supervisory channel is outside of the bandwidth of the data signals. For example, the 
subcarrier frequency equals about 3 GHz for a baseband data rate up to 2.5 Gbps. To 
accommodate the high subcarrier frequency, the transmitters and receivers need to have a 

20 frequency response higher than one for transmitting only the data signals. Non-standard and 
high cost components are usually used. For example, a separate, higher speed, receiver may 
be used to detect the supervisory channel signal. 

[0009] Similarly, the supervisory signals can be transmitted with a low frequency 
subcarrier or "pilot tone." Lowering the subcarrier frequency to the kHz or MHz range 
25 reduces the cost of components and the difficulty of implementation, but the performance of 
the supervisor signal is usually degraded. 

[0010] Hence it is highly desirable to improve techniques for transmitting and receiving 
supervisor signals. 
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BRIEF SUMMARY OF THE INVENTION 
[0011] The present invention relates in general to telecommunication techniques. More 
particularly, the invention provides a method and system for subcarrier modulation as 
supervisory channel. Merely by way of example, the invention is described as it applies to 
5 optical networks, but it should be recognized that the invention has a broader range of 
applicability. 

[0012] According to one embodiment of the present invention, an apparatus for processing 
a supervisory signal for optical network applications includes a subcarrier transmission 
system configured to receive a first supervisory signal and output a second supervisory 

10 signal, and an electrical-to-optical conversion system configured to receive the second 

supervisory signal and a first data signal and output a first optical signal. Additionally, the 
apparatus includes an optical-to-electrical conversion system configured to receive the first 
optical signal and output a first electrical signal and a second data signal, and a subcarrier 
reception system configured to receive the first electrical signal and output a third 

15 supervisory signal. The second supervisory signal is associated with a first subcarrier 

frequency. The first data signal is associated with a first data bandwidth, and the first data 
bandwidth includes a first data frequency. At the first data frequency, a power density of the 
first data signal is substantially equal to zero. A ratio of the first subcarrier frequency to the 
first data frequency ranges from 0.8 to 1. The first optical signal is associated with a 

20 perturbation to the first data signal, and the perturbation is smaller than or equal to 1 dB. The 
first optical signal is associated with a signal-to-noise ratio related to the first supervisory 
signal, and the signal-to-noise ratio being larger than or equal to 20 dB. The first supervisory 
signal is associated with a first subcarrier data rate larger than 1 Mbps. 

[0013] According to another embodiment of the present invention, an apparatus for 
25 processing a supervisory signal for optical network applications includes a subcarrier 
transmission system configured to receive a first supervisory signal and output a second 
supervisory signal, and an electrical-to-optical conversion system configured to receive the 
second supervisory signal and a first data signal and output a first optical signal. 
Additionally, the apparatus includes an optical-to-electrical conversion system configured to 
30 receive the first optical signal and output a first electrical signal and a second data signal, and 
a subcarrier reception system configured to receive the first electrical signal and output a 
third supervisory signal. Moreover, the apparatus includes an optical system coupled to the 
electrical-to-optical conversion system and the optical-to-electrical conversion system. The 
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second supervisory signal is associated with a first subcarrier frequency, and the first data 
signal is associated with a first data bandwidth. The first data bandwidth includes a first data 
frequency, and at the first data frequency a power density of the first data signal is 
substantially equal to zero. A ratio of the first subcarrier frequency to the first data frequency 
5 ranges from 0.8 to 1. 

[0014] According to yet another embodiment of the present invention, a method for 
processing a supervisory signal for optical network applications includes receiving a first 
supervisory signal, processing information associated with the first supervisory signal, and 
outputting a second supervisory signal based on at least information associated with the first 

10 supervisory signal. Additionally, the method includes receiving the second supervisory 

signal and a first data signal, processing information associated with the second supervisory 
signal and the first data signal, and outputting a first optical signal based on at least 
information associated with the second supervisory signal and the first data signal. 
Moreover, the method includes receiving the first optical signal, processing information 

15 associated with the first optical signal, and outputting a first electrical signal and a second 

data signal based on at least information associated with the first optical signal. Additionally, 
the method includes receiving the first electrical signal, processing information associated 
with the first electrical signal, and outputting a third supervisory signal. The second 
supervisory signal is associated with a first subcarrier frequency, and the first data signal is 

20 associated with a first data bandwidth. The first data bandwidth includes a first data 
frequency, and at the first data frequency a power density of the first data signal is 
substantially equal to zero. A ratio of the first subcarrier frequency to the first data frequency 
ranges from 0.8 to 1. 

[0015] According to yet another embodiment of the present invention, an apparatus for 
25 transmitting a supervisory signal for optical network applications includes a subcarrier 
transmission system configured to receive a first supervisory signal and output a second 
supervisory signal, an electrical-to-optical conversion system configured to receive the 
second supervisory signal and a first data signal and output a first optical signal. The second 
supervisory signal is associated with a first subcarrier frequency, and the first data signal is 
30 associated with a first data bandwidth. The first data bandwidth includes a first data 
frequency, and at the first data frequency a power density of the first data signal is 
substantially equal to zero. A ratio of the first subcarrier frequency to the first data frequency 
ranges from 0.8 to 1. 
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[0016] According to yet another embodiment of the present invention, an apparatus for 
receiving a supervisory signal for optical network applications includes an optical-to- 
electrical conversion system configured to receive a first optical signal and output a first 
electrical signal and a second data signal, and a subcarrier reception system configured to 
5 receive the first electrical signal and output a third supervisory signal. The subcarrier 

reception system includes a band pass filter associated with a first subcarrier frequency, and 
the second data signal is associated with a first data bandwidth. The first data bandwidth 
includes a maximum data frequency. A ratio of the first subcarrier frequency to the 
maximum data frequency ranges from 0.8 to 1. 

10 [0017] According to yet another embodiment of the present invention, a method for 

transmitting a supervisory signal for optical network applications includes receiving a first 
supervisory signal, processing information associated with the first supervisory signal, and 
outputting a second supervisory signal based on at least information associated with the first 
supervisory signal. Additionally, the method includes receiving the second supervisory 

15 signal and a first data signal, processing information associated with the second supervisory 
signal and the first data signal, and outputting a first optical signal based on at least 
information associated with the second supervisory signal and the first data signal. The 
second supervisory signal is associated with a first subcarrier frequency, and the first data 
signal is associated with a first data bandwidth. The first data bandwidth includes a first data 

20 frequency, and at the first data frequency a power density of the first data signal is 

substantially equal to zero. A ratio of the first subcarrier frequency to the first data frequency 
ranges from 0.8 to 1. 

[0018] According to yet another embodiment of the present invention, a method for 
receiving a supervisory signal for optical network applications includes receiving a first 

25 optical signal, processing information associated with the first optical signal, and outputting a 
first electrical signal and a second data signal based on at least information associated with 
the first optical signal. Additionally, the method includes receiving the first electrical signal, 
processing information associated with the first electrical signal, and outputting a third 
supervisory signal. The processing information associated with the first electrical signal 

30 includes filtering the first electrical signal, and the filtering the first electrical signal is 

associated with a first subcarrier frequency. The second data signal is associated with a first 
data bandwidth, and the first data bandwidth includes a maximum data frequency. A ratio of 
the first subcarrier frequency to the maximum data frequency ranges from 0.8 to 1. 
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[0019] Many benefits are achieved by way of the present invention over conventional 
techniques. For example, certain embodiments of the present invention use a subcarrier 
frequency that is slightly lower than the maximum frequency of the frequency band of the 
data signal 250 or 450. The subcarrier power spectrum overlaps with the tail of the data 
5 power spectrum. The data power density at the tail is substantially lower than that at a low 
frequency. For example, the low frequency is in the range of kHz or MHz. Some 
embodiments of the present invention provide a subcarrier signal that shares with the data 
signal some or all of the optical-to-electrical signal converter, the electrical-to-optical signal 
converter, and other optical-to-electrical or electrical-to-optical conversion components. 

10 Certain embodiments of the present invention significantly lower costs for transmitting and 
receiving supervisory signals. Some embodiments of the present invention provide a low 
data power density at fsc- The supervisory signal has a high signal to noise ratio and can be 
transmitted at a high data rate. For example, the data rate is higher than 1 Mbps. Certain 
embodiments of the present invention provide a subcarrier modulation with a low amplitude. 

15 The main data channel suffers from only a small perturbation. For example, the perturbation 
in optical power is smaller than 1 dB. Some embodiments of the present invention provide a 
simple configuration and an easy implementation. 

[0020] Various additional objects, features and advantages of the present invention can be 
more fully appreciated with reference to the detailed description and accompanying drawings 
20 that follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] Figure 1 is a simplified optical network connection; 

[0022] Figure 2 is a simplified optical network connection according to an embodiment of 
25 the present invention; 

[0023] Figure 3 is a simplified optical network connection; 

[0024] Figure 4 is a simplified optical network connection according to another 
embodiment of the present invention; 

[0025] Figure 5 is a simplified power spectrum of a data signal and a supervisory signal 
30 according to an embodiment of the present invention. 



6 



[0026] Figure 6 is a simplified power spectrum of a subcarrier signal and a simplified band 
limiting characteristic of a band pass filter according to an embodiment of the present 
invention. 



5 DETAILED DESCRIPTION OF THE INVENTION 

[0027] The present invention relates in general to telecommunication techniques. More 
particularly, the invention provides a method and system for subcarrier modulation as 
supervisory channel. Merely by way of example, the invention is described as it applies to 
optical networks, but it should be recognized that the invention has a broader range of 
10 applicability. 

[0028] At low frequency, subcarrier modulation can be used as supervisory channel. The 
subcarrier frequency overlaps with the main data spectrum, so the latter acts as a high-level 
noise source to subcarrier signals. Limited by the high spectral density of data signals, the 
low- frequency subcarrier modulation usually supports a transmission rate for the supervisory 
1 5 signals only in the kbps range. For example, the supervisory channel has a transmission rate 
of 9.6 kbps. In modern optical networks, the terminal nodes often require communications 
faster than kbps. 

[0029] Figure 1 is a simplified optical network connection. An optical network connection 
100 includes a transmitter system 1 10, a receiver system 120, and an optical link 130. The 

20 transmitter system 110 includes an electrical-to-optical signal converter 112. The receiver 
system 120 includes an optical-to-electrical signal converter 122 and a clock and data 
recovery system 124. The optical-to-electrical signal converter receives a data signal 140. At 
the transmitter system 110, the data signal is converted into an optical signal 142. The optical 
signal 142 is transmitted through the optical link 130 and then received by the receiver 

25 system 120. For example, the optical link 130 includes optical fibers. At the receiver system 
120, the optical signal 142 is converted to an electrical signal 144, which often contains 
signal distortions. These signal distortions are reduced by the clock and data recovery system 
124. The clock and data recovery system 124 generates a data signal 146, which is 
substantially a replica of the data signal 140. 

30 [0030] Figure 2 is a simplified optical network connection according to an embodiment of 
the present invention. The diagram is merely an example, which should not unduly limit the 
scope of the present invention. One of ordinary skill in the art would recognize many 
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variations, alternatives, and modifications. An optical connection 200 includes a transmitter 
system 210, a receiver system 220, and an optical link 230. The transmitter system 210 
includes an electrical-to-optical signal converter 212, an RF band pass filter 214, and an RF 
modulator 216. The receiver system 220 includes an optical-to-electrical signal converter 
5 222, an RF band pass filter 224, an RF demodulator 226, and a clock and data recovery 
system 228. For example, the RF band pass filter 214 and the RF modulator 216 form a 
subcarrier transmitter system. In another example, the RF band pass filter 224 and the RF 
demodulator 226 forms a subcarrier receiver system. Although the above has been shown 
using systems 210, 212, 214, 216, 220, 222, 224, 226, 228, and 230, there can be many 
10 alternatives, modifications, and variations. Some of the systems may be combined. Other 
systems may be added to the optical connection 200. Depending upon the embodiment, one 
or more of the systems may be replaced. Further details of these systems are found 
throughout the present specification and more particularly below. 

[0031] The RF modulator 216 receives a supervisory signal 240 and modulates an RF 
15 source 270. For example, the supervisory signal 240 is generated by a control circuit. In 

another example, the RF source 270 has a frequency of about 2.4 GHz. At the RF modulator 
216, the RF signal is modulated according to the base band supervisory signal 240. The 
modulation format can be Amplitude-Shift Keying (ASK), Frequency-Shift Keying (FSK), or 
Phase-Shift Keying (PSK). The modulated subcarrier signal then passes the RF band pass 
20 filter 214. The RF band pass filter 214 has a center frequency substantially equal to that of 
the RF source 270, and a transmission bandwidth substantially equal to the supervisory signal 
bandwidth. 

[0032] At the electrical-to-optical signal converter 212, a data signal 250 is combined with 
the subcarrier signal 242. The combined signal is converted into an optical signal 260, For 

25 example, the frequency of the subcarrier signal 242 falls within the frequency response range 
of the electrical-to-optical signal converter 212. In another example, the electrical-to-optical 
converter 212 has a frequency response range up to 2.5 Gbps. In yet another example, the 
electrical-to-optical signal converter 212 is an analog system, whose output signal level is 
proportional to the input signal level. The optical signal 260 is a superposition of the optical 

30 power corresponding to the data signal 250 and the optical power corresponding to the 

subcarrier signal 242. The ratio between the subcarrier signal 242 and the data signal 250 in 
terms of optical power is in the range of 1% to 10%. This ratio is often referred to as 
subcarrier modulation depth. 



[0033] The optical signal 260 is transmitted through the optical link 230 and received by 
the receiver system 220. For example, the optical link 230 includes optical fibers. At the 
receiver system 220, the optical signal 260 is converted to an electrical signal 262 by the 
optical-to-electrical signal converter 222. A portion 244 of the signal 262 passes through the 
5 RF band pass filter 224 and enters the RF demodulator 226. The RF band pass filter allows 
only the signal frequency components around the subcarrier frequency to pass, and rejects 
substantially all other frequency components. At the RF demodulator 226, the band passed 
signal is demodulated through Amplitude-Shift Keying (ASK), Frequency-Shift Keying 
(FSK), or Phase-Shift Keying (PSK). The RF demodulator 226 then outputs a base band 
10 supervisory signal 246. The supervisor signal 246 is substantially a replica of the supervisory 
signal 240. For example, the supervisory signal 246 is sent to a control circuit. Additionally, 
the other portion of the signal 262 is received by the clock and data recovery system 228. 
The clock and data recovery system 228 reduces signal distortions and generates a data signal 
252. The data signal 252 is substantially a replica of the data signal 250. 

15 [0034] Figure 3 is a simplified optical network connection. An optical network connection 
300 includes a transmitter system 310, a receiver system 320, and an optical link 330. The 
transmitter system 310 includes a laser source 312 and an electrical-to-optical signal 
modulator 314. The receiver system 320 includes an optical-to-electrical signal converter 
322 and a clock and data recovery system 324. The laser source 312 provides a Continuous 

20 Wave (CW) light 380 to the electrical-to-optical signal modulator 314. For example, the 
laser source 312 includes a laser diode. The modulator modulates the CW light 380 with a 
received data signal 340 and converts the received data signal 340 into an optical signal 342. 
The optical signal 342 is transmitted through the optical link 330 and then received by the 
receiver system 330. For example, the optical link 330 includes optical fibers. At the 

25 receiver system 330, the optical signal 342 is converted to an electrical signal 344, which 
often contains signal distortions. These signal distortions are reduced by the clock and data 
recovery system 324. The clock and data recovery system 324 generates a data signal 346, 
which is substantially a replica of the data signal 340. 

[0035] Figure 4 is a simplified optical network connection according to another 
30 embodiment of the present invention. The diagram is merely an example, which should not 
unduly limit the scope of the present invention. One of ordinary skill in the art would 
recognize many variations, alternatives, and modifications. An optical connection 400 
includes a transmitter system 410, a receiver system 420, and an optical link 430. The 
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transmitter system 410 includes a laser source 412, an electrical-to-optical signal modulator 
414, an RF band pass filter 416, and an RF modulator 418. For example, the laser source 412 
includes a laser diode. The receiver system 420 includes an optical-to-electrical signal 
converter 422, an RF band pass filter 424, an RF demodulator 426, and a clock and data 
5 recovery system 428. For example, the RF band pass filter 416 and the RF modulator 418 
forms a subcarrier transmitter system. In another example, the RF band pass filter 424 and 
the RF demodulator 426 forms a subcarrier receiver system. Although the above has been 
shown using systems 410, 412, 414, 416, 418, 420, 422, 424, 426, 428, and 430, there can be 
many alternatives, modifications, and variations. Some of the systems may be combined. 
10 For example, the laser source 412 and the electrical-to-optical signal modulator 414 are 

combined. Other systems may be added to the optical connection 400. Depending upon the 
embodiment, one or more of the systems may be replaced. Further details of these systems 
are found throughout the present specification and more particularly below. 

[0036] The RF modulator 418 receives a supervisory signal 440 and modulates an RF 
15 source 470. For example, the supervisory signal 440 is generated by a control circuit. At the 
RF modulator 418, the RF signal is modulated according to the base band supervisory signal 
440. The modulation format can be Amplitude-Shift Keying (ASK), Frequency-Shift Keying 
(FSK), or Phase-Shift Keying (PSK). The modulated subcarrier signal then passes the RF 
band pass filter 416. The RF band pass filter 416 has a center frequency substantially equal 
20 to that of the RF source 470, and a transmission bandwidth substantially equal to the 
supervisory signal bandwidth. 

[0037] The laser source 412 receives the subcarrier signal 442 and generates a laser signal 
480. The subcarrier signal 442 modulates the intensity of the laser signal 480. For example, 
the laser source 412 includes a laser diode. The laser signal is provided to the electrical-to- 

25 optical signal modulator 414. The modulator 414 modulates the laser signal with a received 
data signal 450 and converts the received data signal 450 into an optical signal 452. For 
example, the subcarrier signal 442 has a frequency ranging from 2.4 to 2.5 GHz, which falls 
within the frequency response range of the laser source 412 and the electrical-to-optical 
signal modulator 414. In yet another example, the subcarrier modulation depth is in the range 

30 of l%to 10%. 

[0038] The optical signal 452 is transmitted through the optical link 430 and received by the 
receiver system 420. For example, the optical link 430 includes optical fibers. At the 
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receiver system 420, the optical signal 452 is converted to an electrical signal 462 by the 
optical-to-electrical signal converter 422. A portion 464 of the signal 462 passes through the 
RF band pass filter 424 and enters the RF demodulator 426. The RF band pass filter allows 
only the signal frequency components around the subcarrier frequency to pass, and rejects 
5 substantially all other frequency components. At the RF demodulator 426, the band passed 
signal is demodulated through Amplitude-Shift Keying (ASK), Frequency-Shift Keying 
(FSK), or Phase-Shift Keying (PSK). The RF demodulator 426 then outputs a base band 
supervisory signal 466. The supervisor signal 466 is substantially a replica of the supervisory 
signal 440. For example, the supervisor signal 466 is sent to a control circuit. Additionally, 
10 the other portion of the signal 462 is received by the clock and data recovery system 428. 

The clock and data recovery system 428 reduces signal distortions and generates a data signal 
454. The data signal 454 is substantially a replica of the data signal 450. 

[0039] As discussed above and shown in Figures 2 and 4, the data signals 250 and 450 act 
as noise to the subcarrier signals 240 and 440 respectively. At the subcarrier frequency, the 
1 5 spectral density of the data signals 250 and 450 is substantially lower than the spectral 
density of the subcarrier signals 240 and 440 respectively. 

[0040] In certain embodiments as shown in Figures 2 and 4, the data signal 250 or 450 is 
transmitted in the form of Non-Return to Zero (NRZ) format. According to the NRZ format, 
the binary 0 corresponds to -1.0 volt and the binary 1 corresponds to +1.0 volt at the output 
20 262 or 462 of the optical-to-electrical signal converter 222 or 422 respectively. The average 
power of the data signal 250 or 450 is then 

[0041] P MTA =h¥- (Equation 1) 

K 

[0042] where R is the output load impedance of the optical-to-electrical signal converter 
222 or 422. For example, R is equal to about 50 ohms. The data signal 250 or 450 is 
25 superposed with a subcarrier signal 240 or 440 with the following format: 

[0043] V sc (t ) = A sc x sin(27T x f sc xt + <p) (Equation 2) 

[0044] where Vsc, Asc and fsc are voltage, amplitude, and frequency of the subcarrier 
signal 240 or 440 respectively, cp represents a constant phase, and t represents time. The 
subcarrier signal 240 or 440 can be transmitted through Amplitude-Shift Keying (ASK) by 
30 the modulation of A S c> Frequency-Shift Keying (FSK) by the modulation of fsc, or Phase- 
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Shift Keying (PSK) by the modulation of q>. For FSK or PSK, A S c is a constant. The 
average power of subcarrier signal is given by 

[0045] P sc = 0 5 XA " C (Equation 3) 

R 

[0046] To reduce perturbation to the data signal 240 or 440, the subcarrier signal 240 or 
5 440 is limited to cause no more than ± 20% broadening of the "0" and "1" levels at the 
output 262 or 462. Specifically, 

[0047] A sc = 20% x 1 .0 = 0.2 (volt) (Equation 4) 

[0048] The above perturbation usually causes 1 dB "eye" penalty as commonly used in 
telecommunication industry. The ldB "eye" penalty usually causes the sensitivity of a 
10 receiver to degrade by ldB. Correspondingly, the maximum power of the subcarrier signal 
240 or 440 is given by 

[0049] P sc = a5X p °' 22 = 2% x P DATA (Equation 5) 

[0050] Hence the maximum power of the subcarrier signal 240 or 440 should be no more 
than 2% of the average power of the data signal 250 or 450. With this limitation on the 
15 subcarrier modulation, the maximum subcarrier data rate is determined by the Signal-to- 
Noise Ratio (SNR) limit. 

[0051] For in-band subcarrier transmission, the subcarrier frequency is within the 
frequency band of the data signal 250 or 450. The spectrum of the data signal 250 or 450 acts 
as a noise to the subcarrier signal 240 or 440. The SNR of the subcarrier signal is therefore 
20 given by the ratio between the spectral density of the subcarrier signal and the spectral 
density of the data signal. 

[0052] Figure 5 is a simplified power spectrum of a data signal and a supervisory signal 
according to an embodiment of the present invention. The power spectrum in Figure 5 may 
be implemented with the system 200 or 400 as shown in Figure 2 or 4 respectively. Figure 5 
25 is merely an example, which should not unduly limit the scope of the present invention. One 
of ordinary skill in the art would recognize many variations, alternatives, and modifications. 
For example, the data signal is in the NRZ format. The data rate of the date signal is 2.5 
Gigabits per second (Gbps). The data power density decreases with increasing frequency and 
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falls to almost zero at about 2.5 GHz. To select the subcarrier signal, an RF band pass filter 
224 or 424 is used with a -3dB transmission bandwidth substantially equal to the subcarrier 
data rate as follows. 



[0053] Af sc = R sc (Equation 6) 

5 [0054] where Af S c is the -3dB transmission bandwidth of the RF band pass filter 224 or 
424, and R S c is the subcarrier data rate. The RF band pass filter 224 or 424 allows the 
subcarrier signal and a portion of the data signal to pass through. The passed portion of the 
data signal acts as a noise causing degradation in the subcarrier signal. In the frequency 
domain, the subcarrier signal power passing the band pass filter is given by 

10 [0055] P sc « p sc (f sc )x R sc (Equation 7) 

[0056] where P S c is the subcarrier power, and psc(fsc) is the subcarrier power density at the 
subcarrier frequency. Also in the frequency domain, the noise power from the data signal 
passing the band pass filter is 

[0057] P N « p DATA (f sc )x R sc (Equation 8) 

15 [0058] P N is the noise power, and pDATA(fsc) is the noise power density at the subcarrier 
frequency. The SNR for the subcarrier signal is then given by 

[0059] SNR = = p sc(fsc) = ?sc_ (Equation 9) 

I*n Pda ta \fsc ) ^sc x Pda ta Kfsc ) 

[0060] SNR is inversely proportionate to the subcarrier data rate Rsc- As shown in Figure 
5, when subcarrier frequencies are in the range of kHz or MHz, the spectral density Pdata can 
20 be approximated as follows. 

[0061] p DATA {fsc)~ Pdata(0) (Equation 10) 

[0062] Additionally, the total data signal power, Pdata, is equal to the integration of Pdata 
in the frequency space. From Figure 5, it can be seen that this is approximately given by 

[0063] P DATA * p DATA (0)x 0.5 x R DATA (Equation 1 1) 

25 [0064] where Rdata is the main data rate for the data signal. With Equations 9-1 1 and 
Equation 5, the SNR for the subcarrier signal is derived as 



13 



[0065] SNR=- u \^ D \ = ^xR MTA /R x (Equation 12) 

K SC X ^DATA/yy^ X K DATa) 

[0066] For high quality detection, SNR should equal at least 20 dB for certain 
embodiments. Specifically, 

[0067] SNR = 1 00 (Equation 1 3) 

5 [0068] Hence the subcarrier data rate Rs C and the main data rate Rdata have the following 
relation: 

[0069] R sc < 1 0" 4 x R DATA (Equation 14) 

[0070] Equation 14 provides the limitation on the subcarrier data rate in order to satisfy 
both Equations 4 and 13. Equations 4 is usually required for high quality detection of data 
10 signal, and Equations 13 is usually required for high quality detection of subcarrier signal. 
To simultaneously transmit both data and subcarrier signals, both conditions should usually 
be satisfied. For example, the main data rate equals 2.5 Gbps, and the subcarrier data rate 
should be no higher than 250 kbps. In another example, the main data rate equals 100 Mbps, 
and the maximum subcarrier data rate should be no higher than 10 kbps. 

1 5 [0071] In contrast, when the subcarrier frequency is increased from the range of kHz or 
MHz to the range of GHz, e.g., 2.4 GHz, the maximum subcarrier data rate can be 
significantly improved. For example, as shown in Figure 5, the noise power density at fsc = 
2.4 GHz is about 26 dB lower than that at f S c in the range of kHz-MHz, i.e., Pdata(2.4 GHz) 
= 10" 2 6 Pdata(O). As a result, the SNR is 26 dB higher for a given subcarrier data rate 

20 according to Equation 9, and the maximum subcarrier data rate can be increased to about 100 
Mbps to obtain the desired 20 dB SNR. Alternatively, if the maximum subcarrier data rate is 
not used, the subcarrier modulation depth and the perturbation to the data signal may be 
reduced. 

[0072] Figure 6 is a simplified power spectrum of a subcarrier signal and a simplified band 
25 limiting characteristic of a band pass filter according to an embodiment of the present 

invention. The diagram is merely an example, which should not unduly limit the scope of the 
present invention. One of ordinary skill in the art would recognize many variations, 
alternatives, and modifications. The subcarrier signal has a power spectrum 610. For 
example, the power spectrum 610 is associated with a data rate of 1 Mbps at a subcarrier 
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frequency of 2.41 GHz. The RF band pass filter has a band limiting characteristic 620. For 
example, the band limiting characteristic 620 has a Full- Width Half-Maximum (FWHM) 
equal to 1 .6 MHz centered at 2.41 GHz. The RF band pass filter can be used as the RF band 
pass filter 214, 224, 416, or 424. 

5 [0073] As discussed above and further emphasized here, Figures 5 and 6 are merely 

examples, which should not unduly limit the scope of the present invention. One of ordinary 
skill in the art would recognize many variations, alternatives, and modifications. For 
example, the data power density falls to almost zero at a frequency equal to, lower than, or 
higher than 2.5 GHz. The subcarrier frequency is selected to be a certain percentage of the 
10 frequency at which the data power density falls to almost zero. For example, the percentage 
ranges from 80% to 100%. 

[0074] According to another embodiment of the present invention, a method for processing 
a supervisory signal for optical network applications includes receiving a first supervisory 
signal, processing information associated with the first supervisory signal, and outputting a 

15 second supervisory signal based on at least information associated with the first supervisory 
signal. Additionally, the method includes receiving the second supervisory signal and a first 
data signal, processing information associated with the second supervisory signal and the first 
data signal, and outputting a first optical signal based on at least information associated with 
the second supervisory signal and the first data signal. Moreover, the method includes 

20 receiving the first optical signal, processing information associated with the first optical 
signal, and outputting a first electrical signal and a second data signal based on at least 
information associated with the first optical signal. Additionally, the method includes 
receiving the first electrical signal, processing information associated with the first electrical 
signal, and outputting a third supervisory signal. The second supervisory signal is associated 

25 with a first subcarrier frequency, and the first data signal is associated with a first data 
bandwidth. The first data bandwidth includes a first data frequency, and at the first data 
frequency a power density of the first data signal is substantially equal to zero. A ratio of the 
first subcarrier frequency to the first data frequency ranges from 0.8 to 1 . 

[0075] According to yet another embodiment of the present invention, a method for 
30 transmitting a supervisory signal for optical network applications includes receiving a first 
supervisory signal, processing information associated with the first supervisory signal, and 
outputting a second supervisory signal based on at least information associated with the first 
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supervisory signal. Additionally, the method includes receiving the second supervisory 
signal and a first data signal, processing information associated with the second supervisory 
signal and the first data signal, and outputting a first optical signal based on at least 
information associated with the second supervisory signal and the first data signal. The 
5 second supervisory signal is associated with a first subcarrier frequency, and the first data 
signal is associated with a first data bandwidth. The first data bandwidth includes a first data 
frequency, and at the first data frequency a power density of the first data signal is 
■ substantially equal to zero. A ratio of the first subcarrier frequency to the first data frequency 
ranges from 0.8 to 1 . 

10 [0076] According to yet another embodiment of the present invention, a method for 
receiving a supervisory signal for optical network applications includes receiving a first 
optical signal, processing information associated with the first optical signal, and outputting a 
first electrical signal and a second data signal based on at least information associated with 
the first optical signal. Additionally, the method includes receiving the first electrical signal, 

1 5 processing information associated with the first electrical signal, and outputting a third 
supervisory signal. The processing information associated with the first electrical signal 
includes filtering the first electrical signal, and the filtering the first electrical signal is 
associated with a first subcarrier frequency. The second data signal is associated with a first 
data bandwidth, and the first data bandwidth includes a maximum data frequency. A ratio of 

20 the first subcarrier frequency to the maximum data frequency ranges from 0.8 to 1. 

[0077] The present invention has various advantages. Certain embodiments of the present 
invention use a subcarrier frequency that is slightly lower than the maximum frequency of the 
frequency band of the data signal 250 or 450. The subcarrier power spectrum overlaps with 
the tail of the data power spectrum. The data power density at the tail is substantially lower 

25 than that at a low frequency. For example, the low frequency is in the range of kHz or MHz. 
Some embodiments of the present invention provide a subcarrier signal that shares with the 
data signal some or all of the optical-to-electrical signal converter, the electrical-to-optical 
signal converter, and other optical-to-electrical or electrical-to-optical conversion 
components. Certain embodiments of the present invention significantly lower costs for 

30 transmitting and receiving supervisory signals. Some embodiments of the present invention 
provide a low data power density at f S o The supervisory signal has a high signal to noise 
ratio and can be transmitted at a high data rate. For example, the data rate is higher than 1 
Mbps. Certain embodiments of the present invention provide a subcarrier modulation with a 
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low amplitude. The main data channel suffers from only a small perturbation. For example, 
the perturbation in optical power is smaller than 1 dB. Some embodiments of the present 
invention provide a simple configuration and an easy implementation. 

[0078] Although specific embodiments of the present invention have been described, it will 
5 be understood by those of skill in the art that there are other embodiments that are equivalent 
to the described embodiments. Accordingly, it is to be understood that the invention is not to 
be limited by the specific illustrated embodiments, but only by the scope of the appended 
claims. 
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